A heuristic procedure is proposed to determine the optimal number of containers holding parts used on the assembly lines. A complex number of piece parts are supplied in terms of a fixed-course pick-up system. The carrier travels between a parts-storages area and the assembly lines repeatedly; hence it is called "Mizusumashi" (the whirligig beetle). On the assembly lines, the parts-container is put on racks so that the operator may pick up the specific parts to assemble products. The characteristics of the Mizusumashi system are described and the equation to obtain the expected number of parts-container size is presented. From this, a heuristic procedure using simulation to determine the optimal number of partscontainer is proposed. In addition, this procedure is applied to a real manufacturing system, and the proposed procedure is found to be effective and powerful especially from the practical standpoint.
INTRODUCTION
The developers of the just-in-time (JIT) concepts often utilize the Mizusumashi system as well as the Kanban system. The Kanban system has been widely used in the world [1] [2] [3] [4] [5] [6] [7] [8] . Simulation analysis was performed for the Kanban system (for example, [9] ). The fixedcourse pick-up (Mizusumashi system) is one of the popular means of realizing the manufacturing philosophy of JIT manufacturing used to produce or retrieve the required amount of necessary items at the right time. Workers move between assembly lines and storages for parts regularly and bring the required amount of necessary types of parts onto the line. Such workers are called Mizusumashi in the context of popular Japanese production system, that is, the Toyota production system (TPS), also known as JIT manufacturing system [9] .
In the mid-1950s, the Mizusumashi system originally played a role of transferring requirements for production, including raw materials, components and parts between factories. As the TPS developed and spread across to other companies and industries, the Mizusumashi system expanded as well to assist in the supplying of materials onto the shop floor. Today, their operations become quite important, as the product life cycle become much shorter and the company executives recognize that unnecessarily large number of inventories might be wasteful.
This study focuses on the work-in-process inventory and supplying parts to their designated assembly lines manually on the shop floor, by utilizing the Mizusumashi system. Mizusumashi are the workers who supply parts or goods to assembly lines with their hands or human-powered carts. Therefore, the Mizusumashi system plays an important role in manufacturing partially because it has more flexible characteristics than an automated partssupply system.
In this study, a simulation model for a real manufacturing system using the Mizusumashi system for supplying parts to assembly lines is constructed, especially for the specific handling operations of a Mizusumashi worker. Then, a heuristic procedure together with simulation experiments is proposed to determine the minimal number of containers for the parts. In addition, the proposed procedure is applied to a manufacturing system to confirm its effectiveness from a practical standpoint.
PARTS SUPPLY BY ADOPTING THE MIZUSUMASHI SYSTEM
The methods for parts supply on the shop floor can be classified into two categories: manualbased and automated-based supply system. The former is a system in which workers supply parts with their hands or human-powered carts, as represented by the Mizusumashi system. The latter is a system adopting such more technical materials-handling equipment as automated guided vehicles (AGVs) and conveyors to transfer goods among processes and storages. In the automated system, it would be hard to reconfigure its layout at a lower cost. Therefore, the manually-based parts-supply system would be better suited for such industries that often change the kinds of products made or the layout of the shop floor in accordance with the sales, because such a system is more flexible than the automated-based one in the view of adaptation to change the contents of works.
Moreover, the purposes for performing a simulation analysis are different between these two systems. For the automated system, simulation experiments are often performed at the planning phase to determine its system configuration. On the other hand, the manual system typically utilizes simulation in order to determine a method of performing works more effectively, considering environmental changes of production.
A Mizusumashi worker or carrier performs operations of supplying parts to designated assembly lines with their hands or human-powered carts. There are two methods for supply parts as performed by Mizusumashis. One method is called a periodic reviewing method, and the other is a ceaseless reviewing method. In supplying parts by using the periodic reviewing, a Mizusumashi checks the amount of parts of the work-in-process inventories at the assembly lines in a predetermined time interval, and replenishes the number of parts corresponded to the capacity of the parts-container that the worker picked up at the last time. As for the ceaseless reviewing method, the time-point of replenishing and checking parts occurs simultaneously; a Mizusumashi checks parts of the work-in-process inventory for the next replenishment at the time when the worker completes supplying of parts corresponding to the previous reviewing. Therefore, a Mizusumashi always moves around on the shop floor in the latter method, while the worker waits until the next review time arrives after the last parts supply has finished in the former one.
The typical workflow of a Mizusumashi is shown in Fig. 1 . First, a Mizusumashi checks the number of parts used since the last reviewing time. In general, parts are set in a container to ease for the handling and counting. A capacity of a parts-container is usually defined by a purchasing contract between a parts supplier and a manufacturer, and can not be controlled by the operators at the shop floor level. A Mizusumashi only picks up empty containers and not a container with remaining parts. Therefore, the number of containers for a specific kind of parts at an assembly line generally is more than two.
After reviewing all parts on the assembly lines, a Mizusumashi goes to the associated parts-storages area and fills the empty containers that the worker has picked up at the assembly lines. Finally, a Mizusumashi comes back to the assembly lines and supplies the required containers on the specified rack along the line. At this point, the worker goes to the staging area to wait until the next reviewing time, and the workflow is resumed in the same manner of operations at the next reviewing time. In Fig. 1 , the dotted-line rectangle indicates the work only carried out during the periodic reviewing, and the solid-line rectangles indicate the works for both review methods. In the same way, the dotted arrows represent paths that only follow in the periodic reviewing, and all Mizusumashi follow solid-line arrows. A typical routing of a Mizusumashi followed in the above-mentioned workflow process is illustrated in Fig. 2 .
Check part inventories and collect empty containers
Go to storages for parts and fill the empty containers Come back to the assembly line and supply containers
Go to a staging area and wait until next review period Next, the relationship between the part inventories and the replenishment is illustrated at Fig. 3 . This figure illustrates the periodic review method or the replenishment system in terms of the inventory system, and there are at most four containers with a capacity of five parts. It is assumed that this system starts with a full or maximal parts inventory, that is, there are four containers with five parts each. In addition, it is assumed that the time interval for reviewing is 20 minutes. At the first reviewing time, there are two empty containers when a Mizusumashi checks the status of the inventory. Hence, the worker picks up the two empty containers and then goes to the parts-storages area for replenishment, and fills the containers.
After this, the worker comes back to the assembly line and supplies the two filled containers. For this review period, it takes about 10 minutes for the Mizusumashi to perform these consecutive activities and typically waits for another 10 minutes until the next reviewing time. After a period of 40 minutes, the second reviewing period will have started. At this moment, only one container comes out and is to be supplied 8 minutes later. As shown in Fig. 3 , it is observed that it is important to install an appropriate number of parts-containers for smooth production. If there were not enough number of parts-containers, the operations would frequently stop due to parts shortages. On the other hand, keeping an excessive number of containers would lead to an unnecessarily large work-in-process inventory on the rack at the assembly line. By considering the replenishment system of inventory control [11] , the expected number of containers, M E , can be given by: (1) represents that the number of containers must be held during one review period and lead time. As the amount of containers calculated by function [ ] must be raised to the next whole number, it is added by one container in (1) . Because a Mizusumashi worker does not usually supply the same parts, the lead time between checking inventories and supplying parts varies each time. Therefore, the dispersion of the lead time of the Mizusumashi worker should be considered, by adding the safety stock to the expected number of containers given by (1) . Now, letting the safety stock at the assembly line j by Mizusumashi i as s ij , the minimal number of containers not causing a shortage of the designated part at the assembly line, M T , can be expressed by:
In order to find the optimal number of containers, a heuristics approach using simulation is proposed and illustrated.
A REAL MANUFACTURING SYSTEM
A real manufacturing system adopting a fixed-course pick-up (Mizusumashi) system was used to illustrate the proposed procedure in the following section.
System Overview
The schematic layout of the system studied in this paper is shown in Fig. 4 . Three kinds of products on personal computers were assembled in the manufacturing system. A total sort of parts for assembling these three products is sum up to 95 kinds excluding the same parts. Three breaks (55 minutes in total) were also allowed during a 7.5 hour working-day during operations at the factory. When a break has begun, all workers including Mizusumashi carriers take a rest and the associated assembly lines stop processing. 
Irregular Operations for a Mizusumashi
The periodic review method for a Mizusumashi is adopted to supply parts, but the carriers sometimes perform irregular operations which are not included in the common workflow described in Section 2. These irregular operations include disposing the empty containers of the cardboard box into the waste container bins. In general, parts-containers are made of plastic and can be reusable, and would be preferable to utilize reusable containers in order to reduce waste in from view of environmental conservation. Therefore, the company executives mount an effort to switch from cardboard boxes to reusable plastic containers, however some kinds of parts are still set in cardboard boxes. For this reason, if a Mizusumashi has empty containers made by cardboard, the worker must dispose of them in the container disposals shown in Fig. 4 by the triangle shape. This operation is performed on the way to the partsstorages area between the first box and the second one shown in Fig. 1. 
SIMULATION MODEL
A time study was performed to the manufacturing system illustrated in the previous section in order to obtain the data for a series of operation time for a Mizusumashi, including the filling time, supply time and disposal time. The overall required system parameters are summarized in Table I . In this period, one specific product is treated for analysis in spite of all three products being produced at the associated assembly line. The operation times and capacity of a container for 24 kinds of parts that used to assemble the selected product are shown in Table  II . In Table II , UNIF(a, b) represents the uniform distribution with minimal value, a and maximal value, b, and TRIA(a, b, c) stands for the triangle distribution with minimal value, a, most likely value, b and maximal value, c. Here, the value of disposal time is non-zero if the containers are made of cardboard and must be disposed. The zero values of filling time or supply time mean that certain improvements are implemented in order not to require specific associated operations. A simulation model of the system was constructed using Arena [12] . This simulation model was comprised of three submodels: the MIZUSUMASHI Controller, the MIZUSUMASHI Workflow and the Assembly Line submodels. The relationship among these submodels is illustrated in Fig. 5 . The MIZUSUMASHI Controller submodel sends a signal to the Workflow submodel at each reviewing time. Receiving a signal, Mizusumashi workers carry on their consecutive operations of checking, disposing, filling and supplying parts. The Assembly Line submodel simulates the processing products and decreases values of used parts. Concerning the statistics, each lead time for the parts supply and utilization of the Mizusumashi were collected at the MIZUSUMASHI Controller submodel. The Assembly Line submodel records the production output, total times of parts shortages, and then repeats. An animation of the corresponding simulation model is shown in Fig. 6 . 
PROCEDURE TO OBTAIN OPTIMAL NUMBERS OF PARTS-CONTAINERS
The specific characteristics of a fixed-course pick-up system have been studied in our previous works [13] . A procedure is proposed to obtain optimal numbers of parts-containers, subject to the constraint on interruptions in the assembly process.
Statement of the Problem
In this study, the major concern is to obtain optimal numbers of parts-containers in the assembly process. In the general form of the model, the objective of the problem is to minimize the sum of the numbers of parts-containers, x i (i = 1, 2, …, n): 
A Procedure
As mentioned in the previous sections, a Mizusumashi worker does not usually supply the same parts over again, and the distance of the routing would vary. Consequently, the lead time between checking inventories and supplying parts varies each time. The estimated lead time should be determined to gain an understanding of the expected number of containers given by (1) . In this context, the lead time could be estimated under some ideal conditions, by making use of simulation. After obtaining the estimated lead time, the expected number of containers can be obtained by (1) for each part to be used in the assembly line. Then, a simulation experiment can be executed to obtain the optimal solutions, by using these expected numbers of containers as a set of the initial conditions.
A heuristic procedure using a simulation experiment to seek the minimal or optimal number of containers for all associated parts is described as follows: [ Step 1] Set the sufficient numbers of containers. The values must be enough in order not to cause a parts shortage at the assembly line. [ Step 2] Set the time interval for the review period and execute a trial simulation-run to obtain the average time on the lead time for the parts supply. Step 6] A set of the optimal number of each parts-container is obtained.
In Step 1, a set of the sufficient number of containers is determined in consideration of past experience or by an educated guess [14] . To use (1), the expected value of lead time and production speed should be obtained in advance. In the procedure, production speed can be obtained through such a method as time study, while the lead time for parts supply is obtained in Steps 1 and 2. It is important to set a sufficient number of containers and execute simulation-runs so that parts shortages never occur, and it leads to obtain an appropriate lead time. In Steps 4 through 6, increasing the numbers of containers caused parts shortages by one at one time, simulation will continue executing until parts shortage does not occur any more. Finally, the set of optimal number of containers are easily found.
APPLICATIONS
In this section, the proposed procedure is actually applied to the real manufacturing system described in Section 3 in order to confirm the effectiveness of this procedure from a practical standpoint.
The simulation model was developed for the system by adopting one Mizusumashi worker for supplying 24 kinds of parts onto an assembly line. According to the procedure, the first step required the setting of enough numbers in a series of containers so as to obtain the average value of lead time for the supply of parts. The sufficient numbers of containers were set as shown in Table III, according to Step 1 in the procedure. Setting each condition of a simulation-run to five operation days (7.5 hours/day) with one day warm-up and running 10 replications, the expected lead time was found to be 785.01 ± 0.7 seconds (a 95 % significance level). Here, in this trial-simulation run, the time interval of the review period was set to 20 minutes and the expected production speed was 2.07 minutes (see Table I ).
Then, the values for the number of containers were computed by (1) for the initial conditions (See Table III , Iteration Number 1 and Column A). For example, six containers were obtained as the initial condition for Part ID 1. The result of each simulation-run or iteration was summarized in Table III . The value in each Iteration Number and Column A signifies the number of containers used for this iteration and the average number of parts shortages is shown in Column B as the result of this simulation-run. If the average times of parts shortages were positive, parts shortages occurred in this simulation-run, and then, the corresponding number of parts-container should have increased by one at the next simulation-run. Now, take, as example, Part ID 2 to trace the execution of this procedure. In Step 1, sufficient numbers of containers for all parts were set from current shop floor settings, and six containers were set for Part ID 2. Proceeding to Step 2, the trial simulation-run was executed and the expected lead time was found. In Step 3, the required figures such as the expected lead time, production speed and container capacity were assigned to (1) in order to obtain the expected number of containers. The expected number of containers for Part ID 2 was obtained to be four, by substituting 785.01 (seconds) for the expected lead time, 2.07 (minutes) for the production speed, 20 (minutes) for the review period, and five (pieces) for the container capacity for Part ID 2 in (1), respectively (see Table  II ). Now, the number of containers obtained was the initial condition for the first simulationrun or iteration in Step 4; hence, four was shown in Table III , Iteration Number 1 and Column A. As the result of Iteration 1, shortages were observed on 14 kinds of parts, that is, Part ID 4 through 14, 21, 23 and 24, but no parts shortages was observed on Part ID 2. Hence, the same number of containers was used on this part for Iteration 2 (see the corresponding cells in Table III ). This time, however, parts shortages resulted from Part ID 2 were occurred 2.4 times in Iteration 2. Then, the number of containers for Part ID 2 was incremented to five for executing simulation in Iteration 3. In Iterations 3 and 4, parts shortages come of Part ID 2 had never been observed and the optimal number of containers for Part ID 2 was found to be five.
By applying the proposed procedure, a set of the optimal numbers of containers is obtained after only four simulation-runs. The simulation results indicate that the proposed procedure contributes more smoothly and effectively in manufacturing activities in the sense of setting the minimal buffer space for parts inventories at the assembly line, while achieving the highest production rate without any interruptions caused by parts shortages.
CONCLUSIONS
The manufacturing assembly-line process known as a fixed-course pick-up (Mizusumashi) system was analyzed. The characteristics of the Mizusumashi system were described and the specific logic for building simulation models of a Mizusumashi system was presented. Furthermore, the specific equation used to obtain the expected number of the given container size was presented to show the initial conditions. Then, a heuristic procedure to determine the optimal number of containers was proposed with the help of simulation. In addition, the procedure was applied in a real manufacturing setting, and the proposed procedure was found to be effective and powerful especially from the practical standpoint.
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